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SUMMARY 
Prel iminary outgassing s t u d i e s  w e r e  performed on s e l e c t e d  polyf luoro-  
carbon f i l m s .  Five types  of f i l m ,  four  of t h e  Tedlar* polyvinyl  f l u o r i d e  
f i l m s ,  and one Teflon FEP*, w e r e  heated t o  15OoC and 5 x 
f o r  over 200 hours .  Weight losses f o r  a l l  materials t e s t e d  w e r e  very 
low, ranging from ze ro  t o  about 0.5%. Duplicate  test  specimens of 
Teflon FEP, d i f f e r i n g  only i n  size,  were a l s o  t e s t e d  i n  order  t o  
estimate t h e  effect of sample s i z e  on weight l o s s e s ,  bu t  no c l e a r  
r e l a t i o n s h i p  was found. 
mm Hg 
No condensable o i l s  w e r e  evolved from t h e  test specimens. A l l  
Tedlar  samples underwent very s l i g h t  darkening dur ing  thermal vacuum 
t r ea tmen t ,  and an u l t r a v i o l e t - v i s i b l e  spectrum was run on one of t h e  
specimens; t h e  Teflon FEP samples were unchanged. 
I n  view of t h e i r  l o w  weight losses  and the  absence of condensable 
v o l a t i l e s ,  a l l  t h e s e  materials seem s u i t a b l e  f o r  spacec ra f t  a p p l i c a t i o n s .  
*Trademark f o r  E . I .  dupont de Nemours polyf luorocarbon f i l m s .  
1 
INTRODUCTION 
The over-all objective of this program is to provide assistance to 
the JPL staff members in the development of specifications and procedures 
for polymeric spacecraft materials. 
properties, tests, and environments which are sensitive and meaningful, 
and collection of pertinent property, environmental, and materials data 
for use in specifications. Of special importance to this program are 
the outgassing characteristics of various polymeric materials under 
thermal vacuum conditions. 
This includes definitions of 
At the request of JPL cognizant engineers the first two classes of 
materials examined were epoxide adhesives and RTV silicone rubbers, and 
data for these have been reported.l," The third class of materials 
selected by JPL cognizant engineers were polyfluorocarbons, specifically 
Tedlar and FEP Teflon films. Samples were cut from the films as 
received from the manufacturer, and their weight loss characteristics 
at 15OoC and mm Hg determined. This temperature (150OC) approximates 
the temperature currently recommended for the sterilization of 
spacecraft . 
'Development of Material Specification and Qualifications of Polymeric 
Materials for the JPL Spacecraft Materials Guidebook, Special Report 
No. I. Epoxide Adhesives 
21bid., Special Report No. 11. RTV Silicone Rubbers 
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EXPERIMENTAL 
Mater ia l s  
Samples of Tedlar  (polyvinyl  f luo r ide )  and Teflon FEP (copolymers 
of t e t r a f l u o r o  e thylene  and hexafluoropropylene) f i l m  w e r e  ob ta ined  f r o m  
E.1 du Pont de Nemours. Some p rope r t i e s  of t h e  var ious  f i l m s  a s  w e l l  
as sample weights and a r e a s  a r e  summarized i n  Table I .  The f i lms  
w e r e  t e s t e d  as received from t h e  manufacturer;  no pretreatment  o r  cu r ing  
w e r e  r equ i r ed .  
Techniques 
Prepara t ion  of T e s t  Samples 
T e s t  samples of Tedlar  and Teflon FkP f i lms  w e r e  cut  t o  the  d e s i r e d  
s i z e  from s h e e t s  of f i l m  suppl ied  by t h e  manufacturer.  Samples of Tedlar  
w e r e  c u t  i n t o  r ec t ang le s  3 x 10 cm; t h i s  sample s i z e  could be accommodated 
by t h e  r e s i n  po t s  without f o l d i n g  o r  c u r l i n g  the  f i l m s .  Because of t he  
s c a t t e r  of po in t s  observed i n  the  t e s t i n g  of t he  Tedlar  samples, t h e  
Teflon FEP samples were cu t  somewhat l a r g e r  (6  x 22 c m  and 3 x 22 cm) i n  
an at tempt  t o  improve the  accuracy of t h e  weight l o s s  de te rmina t ions .  
These samples w e r e  r o l l e d  before  placing i n  the  r e s i n  p o t s .  A l l  samples 
were dusted l i g h t l y  wi th  a dry t i s s u e  before  t e s t i n g  t o  remove any 
dus t  o r  fo re ign  mat te r  from the  f i lm s u r f a c e .  
The vacuum system (Fig .  1) which u t i l i z e s  a mechanical roughing 
pump (capac i ty ,  140 l i t e rs  pe r  minute) and a mercury d i f f u s i o n  pump, 
can achieve rou t ine  p re s su res  of 1-5 x 10" mm Hg. 
measured wi th  an ion iza t ion  gauge (Consolidated Vacuum Corp.)  c a l i b r a t e d  
f o r  p re s su res  from 0.025 mm t o  lo-' mm Hg. 
i n  modified r e s i n  k e t t l e s  (Fig.  2) which w e r e  heated i n  o i l  b a t h s .  
Pressures  were 
T e s t  specimens were placed 
These cons i s t ed  of s t a i n l e s s  s t e e l  beakers  
N o .  550 and heated by r e s i n  k e t t l e  hea t ing  
were c o n t r o l l e d  by Thermistemp temperature 
Instrument Co., Model 63RA). The power t o  
f i l l e d  wi th  Dow s i l i c o n e  o i l  
mant les .  The ba th  temperatures  
c o n t r o l l e r s  (Yellow Springs 
t h e  hea t ing  mantles w a s  
supp l i ed  by a v a r i a b l e  s u t o t n c s f c r m e r  T h i s  ar-angenezt maintained t h e  
o i l  ba ths  a t  2' 3f t h e  &Sired tenpera ture .  In  general  t h e  ba th  tempera- 
t u r e s  w e r e  held about f i v e  degrees higher t o  n a i n t a i n  t h e  des i r ed  sample 
temperature .  The tempePaturz of the o i l  ba ths  was nieasured d i r e c t l y  
by a mercury thermometer suspsnded i n  t h e  ba th ;  t h e  temperature i n s i d e  
the r e s i n  pot w a s  determined from a thermocouple w i r e  i n s e r t e d  i n t o  t h e  
thermocouple tube  which extended i n t o  t h e  r e s i n  p o t .  Temperature 
measurements w e r e  made us ipg  a k e d s  and Morthrup Model 8692 potent iometer  
r ead ing  d i r e c t l y  i n  degrees cent igrade (Measurements w e r e  a ccu ra t e  t o  
approximately i 0 . 5 ° C . l  
t r a p  which could be i s o l a t e d  f r m  the rest of t he  sys t en  and i t s  
con ten t s  t r a n s f e r r e d  i n t J  8 sampls kuLb s i l i t ab l e  for sxbssquent g . l . c . ,  
i n f r a r e d ,  or  m a s s  s p e c t r m z t r i c  ana lys i s .  
The resin pot led d i r e c t l y  t o  a l i q u i d  n i t rogen  
The t e s t  specimers were pe r iod ica l ly  r e m m e d  from t h e  s y s t e m  and 
weighed on a Mettler "H" balance,  azcurate  t o  k 0 . 0 3  mg. 
cont inuous weighing under vacugm i s  reeogcized as a s u p e r i o r  method, 
the p resen t  s y s t e n  w i l l  accommodate f o u r  d i f f e r e n t  samples a t  one t i m e  
and permits  a r ap id  screening  of mater ia l s  a s  reques tsd  by JPL.  
Although 
Thermal Vacuum Tes t in+ Pmcedure 
The samples aEre t e s t e d  a t  150°C c+rd approximately 5 x mn Hg 
f o r  t o t a l  exposures sf 50-290 hours.  A t  a p p r o x i m t f i y  24-hour i n t e r v a l s ,  
they were removed for r e igb ing .  The tempezature of t h e  o i l  ba th  and of 
t h e  i n t e r i o r  of t he  r e s i n  patl a s  +ell a s  t h e  p r e ~ s u r e  of t h e  s y s t e m ,  
w e r e  recorded a t  t h i s  t i ne  Saxples were r e m w e d  f r o m  t h e  r e s i n  p o t s  
w i th  fo rceps ,  allowed t o  C O Q L .  weigried t o  the  nea res t  0.01 mg, and 
r e tu rned  t o  t h e  s y s t e n ,  which w a s  inmediately re-evacuated and t h e  
test cont inued.  
The fol lowing r a w  d z t n  were r s x r d e d  f o r  each tsst: (I) i n i t i a l  
weight and dimensions of t5e t e s t  specimem; (2) weight of t h e  t es t  
specimens t o  t h e  n e s r e s t  0.01 mg i L t  24-hour i n t e r v a l s ;  ( 3 )  temperature 
of t h e  system; (4) changes i n  colcs or  o the r  phys ica l  p r o p e r t i e s  of t he  
sample ; and (5) obserxa t ions  r e l h t i n g  t o  outgassed materials such as 
condensable o i l s  cln t h e  i n s i d e  af t h e  head ef the  r e s i n  pet, above t h e  
4 
l e v e l  of hea t ing .  
U l t r a v i o l e t  s p e c t r a  of t he  f i lms were obtained on a Cary Model 1 4  
spectrophotometer .  
RESULTS 






0 7 Time ,  t 
Steady S t a t e  is represented  by t h e  l i n e a r  po r t ion  (E) of t h e  curve 
I n i t i a l  Weight Loss is  t h e  zero-time i n t e r c e p t  of t h e  l i n e a r  po r t ion  
of t h e  weight loss curve ( A ) .  
-
Time u n t i l  Steady S t a t e  is t h e  time requi red  before  t h e  weight loss 
becomes l i n e a r  ( 7 ) .  
-- ---- 
Steady S t a t e  L o s s  Rate i s  given by the  s lope  of the  l i n e a r  p o r t i o n  
of t h e  weight loss curve (AW/AT). 
---
A l l  t hese  parameters are es t imated  g raph ica l ly .  
Data a r e  r epor t ed  i n  two sets of u n i t s ;  i n  percent  of t o t a l  sample 
weight ,  and i n  a b s o l u t e  weight l o s s  pe r  u n i t  a r e a  of exposed s u r f a c e  
( g  c m - 2 ) .  
Figures  3 and 4 show the  outgassing curves of t h e  polyf luorocarbon 
The s c a t t e r i n g  m a t e r i a l s  t e s t e d  a t  15OoC and lo* mm Hg f o r  216 hours .  
of p o i n t s  i s  due p r imar i ly  t o  the  small sample s i z e s  and correspondingly 
smal l  weight l o s s e s .  I t  i s  bel ieved t h a t  a l a r g e  percentage of t h e  
t o t a l  weight loss is due t o  desorptiori:of su r f ace  moisture  and gases, 
and t h a t  some of t h e s e  readsorb onto t h e  materials while  weighing i n  a i r .  
5 
Continuous weighing under vacuum would, of cour se ,  be a v a s t l y  s u p e r i o r  
method f o r  t h i s  type of sample. 
The most s t r i k i n g  f e a t u r e  of the weight l o s s  curves i s  the  d i f f e r e n c e  
between the f i l l e d  (pignented) ma te r i a l s ,  TD 30/A and TD 3 0 / B ,  and t h e  
u n f i l l e d  t ransparent  f i l m s .  Not only do t h e  f i l l e d  materials e x h i b i t  
l a r g e r  weight losses but i n  contrast  t o  t h e  o t h e r s ,  they e x h i b i t  an 
unequivocal,  p o s i t i v e  weight loss r a t e .  If t h e  l a r g e  scatter i s  taken 
i n t o  account ,  t h e  curves  f o r  TD 3 0 / A  and TD 3O/B may be considered 
i d e n t i c a l .  These two ma te r i a l s  d i f f e r  from each o the r  only i n  s u r f a c e  
p r e p a r a t i o n ,  which apparent ly  exerts no e f f e c t  on t h e  outgassing 
p r o p e r t i e s .  
I t  may be seen by a comparison of P i g s .  3 a n d  4 ,  t?mt t h e  t h i c k e r  
f i l m s ,  FEP-a and b ( 5  m i l l ,  shcw ar! illcrease i n  rzllative weight l o s s  
when r e p l o t t e d  i n  t e r v s  of abso lu t e  weight l o s s  per  u n i t  a r e a .  This 
would i n d i c a t e  t h a t  the outgassing is not e n t i r e l y  a s u r f a c e  phenomenon, 
bu t  involves  removal of ma te r i a l  from t h e  i n t e r i o r  ~f t h e  polymer sample 
as  w e l l .  This i s  corroborated by t h e  f a c t  t h a t  a f t e r  t he  t r e a t e d  tes t  
specimens had been exposed t o  a i r  f o r  over two weeks they regained but 
l i t t l e  of t h e  weight l o s t  under thernral vacuum treatment  
The Tedlar  test specimens a11 unaeArwent a c o l o r  change during 
thermal vacuum t r ea tmen t ,  go i rg  from w h i t e  or water w h i t e  t o  a l i g h t  
brown. Figure 5 show5 t h e  "JFI-visicie spzctrum f ron  2500 t o  6500A 
of TD 40/5 before and a f t e r  therwal V ~ C U U I T  t r ea tmen t .  The s p e c t r a l  
c h a r a c t e r i s t i c s  of t h e  U\I curve aenair, s i m i l a r  except f o r  an ove r -a l l  
i nc rease  i n  absorbance o f  t h e  t r e a t e d  fi1i.l. The much g r e a t e r  i nc rease  
i n  t h e  UV region suggests  formation of ccqjugated systems (-CH=CH-) ~ n 
Because of t h e  s c a t t e r i n g  of da t a ,  t h e  method of l e a s t  squares  w a s  
app l i ed  on t h e  a s s ~ . p t i ~ n  t h a t  a steady s t a t e  w a s  achieved i n  less than 
24 hours .  Tables $1 and III sumar i ze  t h e s e  least squares parameters,  
t h e  i n i t i a l  weight l o s s e s  and weight loss ra tes ,  the weight l o s s  a f t e r  
200 hour s ,  and t h e  roo t  rrrean square dev ia t ions  f o r  each curve.  Weight 
l o s s e s  range from 0-0 ,5% by weight '  weight loss rates are taken a s  ze ro  
f o r  a l l  materials except t h e  pignented T s d i a r s ,  30/A acd 30/B, which 
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OUTGASSING CHARACTERISTICS OF TEDLAR AND TEFLON FEP FILMS A T  
150°C and mm Hg (Weight Loss Data i n  Percent) 
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OUTGASSING CHARACTERISTICS OF TEDLAR AND TEFLON FEP FILMS AT 
15OoC and mm Hg (Weight Loss Data i n  g cm-2)  
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FIG. 4 WEIGHT LOSS PER UNIT SURFACE AREA OF TEDLAR' AND TEFLON 
FEP FILMS AT 150°C AND 5 x mm Hg 
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A v a s t  amount of l i t e r a tu re  e x i s t s  on the  behavior of Teflon 
(polytetrafluorethylene) i n  simulated space environments.* J o l l e y  and 
Reedd: have reviewed over one hundred re ferences  on t h i s  sub jec t  a lone ,  
and numerous survey r e p o r t s  on t h e  p rope r t i e s  of TFE p l a s t i c s  have been 
publ ished.  
t h i s  material, as w e l l  as seve ra l  other  f l u o r i n a t e d  polymers, i n  
cons iderable  d e t a i l .  I n  gene ra l ,  however, less information is  a v a i l a b l e  
on t h e  hydrofluorinated materials such as Ted la r ,  Lpoly(viny1 f luo r ide ) ] .  
Madorsky, -- e t  aL4 have examined the  thermal degradat ion of 
I n  cons ider ing  t h e  chemistry of t hese  materials i t  is  obvious t h a t  
polymer degradat ion would not be expected t o  be a s i g n i f i c a n t  f a c t o r ,  
e s p e c i a l l y  i n  t h e  case of Teflon FEP. This is  cons i s t en t  w i th  t h e  
observa t ion  t h a t  t h e  weight loss of t h i s  material a t  15OoC is indeed 
very low. I t  is i n t e r e s t i n g  t o  note t h a t  -he weight l o s s  f o r  sample 
FEP-a, 0.08% a f t e r  100 hours ,  is exac t ly  t h a t  observed by J o l l e y  and 
Reed. This  agreement may however be f o r t u i t o u s ,  s ince  J o l l e y  and Reed 
do not supply the  dimensions of t h e i r  t e s t  sample. 
S ince  Teflon FEP con ta ins  no a d d i t i v e s ,  and s i n c e  degradat ion w i l l  
not  occur  t o  any e x t e n t  a t  15OoC,  i t  is reasonable t o  assume t h a t  the  
s a m l l  weight loss observed is  due pr imar i ly  t o  desorp t ion  of su r face  
contaminants such as water  and carbon d ioxide .  This conclusion is not 
e n t i r e l y  cons i s t en t  with da t a  obtained f o r  two d i f f e r e n t  sample s i z e s  of 
t h e  s a m e  polymer which when reduced t o  percent  o r  g/cm2 should e x h i b i t  
*Teflon has been found t o  be hea t  s t a b l e  up t o  45OoC under vacuum. FEP, 
which i s  a l s o  t o t a l l y  f l u o r i n a t e d ,  and d i f f e r s  only by t h e  presence 
of CF, s i d e  chain on t h e  polymer backbone, would be expected t o  be 
s i m i l a r  t o  Teflon.  The s u b s t i t u t i o n  of one o r  more hydrogen atoms f o r  
f l u o r i n e ,  however, a l t e r s  the  polymer cons iderably .  For example, 
polyvinyl  f l u o r i d e ' s  weight l o s s  of 24OoC is s i m i l a r  t o  t h a t  of Teflon 
a t  380OC. 
3C. E .  J o l l e y  and J .  C .  Reed, Space/Aeronautics, February 1963, p .  105 
* S .  L .  Madorsky, V. E. Hart, S .  St raus ,  and V. A .  Sedlak,  J .  R e s .  N a t ' l .  
Bur. S t d . ,  51,  327-333 (1953). -
13 
i d e n t i c a l  weight l o s s e s .  The r e l a t i v e l y  l a r g e  discrepancy of about 50% 
is  a t  t he  present  t i m e  not c l e a r ,  b u t  could be due t o  experimental  
e r r o r .  (Tables 11,  1 x 1 . )  
The samples of Tedlar  [poly(vinyl f l u o r i d e ) ]  behaved s i m i l a r l y  t o  
those  of FEP. I t  w a s  found, however, t h a t  t h e  pigmented samples (30/A 
and 30/B) exh ib i t ed  much higher  weight l o s s e s  than t h e  t r anspa ren t  
Tedlar  f i l m s .  These pigmented Tedlar f i l m s  also exh ib i t ed  f i n i t e  rates 
of weight l o s s ;  t h i s  may i n d i c a t e  t h a t  t he  pigment employed i s  somewhat 
v o l a t i l e  o r  con ta ins  v o l a t i l e  contaminants. A l l  t h e  Tedlar  f i lms  
t e s t e d  exh ib i t ed  some d i sco lo ra t ion .  This  darkening i n  c o l o r  has been 
observed i n  conjunct ion wi th  the degradation of poly(viny1 f l u o r i d e )  and 
is be l ieved  t o  be due t o  t h e  formation of conjugated unsa tu ra t ion  i n  
t h e  polymer a s  a r e s u l t  of t h e  e l imina t ion  of HF. The s l i g h t  d i s c o l o r a t i o n  
observed i s ,  however, of l i t t l e  consequence. A s  i n  t he  case of poly(viny1 
c h l o r i d e )  
without  any s t r u c t u r a l  changes being observable  i n  t h e  i n f r a r e d  s p e c t r a ;  
i . e . ,  degraded material c o n s t i t u t e s  less than  about 1% of t o t a l  sample. 
extremely l a r g e  co lo r  changes may t ake  p l ace  i n  the  ma te r i a l  
C ONCLUS I ONS 
I t  has been found that a l l  t h e  polyf luorocarbon f i lms  t e s t e d  i n  t h i s  
s tudy  have very low weight l o s ses - - a l l  w e l l  below 1%--and the re f  o re  
appear  q u i t e  s u i t a b l e  f o r  spacecraf t  use .  I n  view of t h e  comparatively 
l a r g e  weight l o s s e s  of t h e  pigmented Tedlar  f i l m s  (0 .5% as compared 
wi th  approximately 0.1% f o r  t h e  u n f i l l e d  m a t e r i a l s )  i t  would be of 
i n t e r e s t  t o  i n v e s t i g a t e  the  poss ib le  use of a new, less v o l a t i l e  
pigment. 
5 x mm Hg is  not considered an i n d i c a t i o n  of s e r i o u s  degrada t ion .  
The s l i g h t  darkening of the Tedlar  specimens a t  15OoC and 
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